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4. The device of claim 3, wherein the Mwq system includes a first input driving each of the 
first primary Hnks, a second input commonly driving each of the second primary links, and a 
third input commonly driving each of the ifeird primary links. 

5. The device of claim of claim y wherein at least one of the first, second and third inputs 
includes a servo-motor. 

6. The device of claim 4, whjifein at least one of the first, second and third inputs includes 
cam. 

7. The device of claim 6,Avherein the cam is a barrel cam. 

8. The device of clai^ 1, wherein each of the robotic arms includes a first primary link, a 
second primary link, a fipt primary joint connecting the first primary link to the drive system, 
and a second primary joi&t connecting the first and second primary links. 

9. The device of Zlaim 8, wherein the second primary joints are rotary joints. 

1 0. The device ^f claim 8, wherein the second primary joints are sliding joints. 



11. The devidfe of claim 8, wherein the first primary joints are coupled to one another and the 
second primary /oints are coupled to one another by the drive system such that upon activation of 
the drive syst^, the robotic arms are directed through substantially identical paths and the end 
effectors are Positioned at a substantially identical radial distance relative to the center point at 
any point in/ime. 
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12. The device of claim 1 1 , wherein the robotic arms each further include a third primary link 
connected to the second primary link ^y a third primary joint, each of the third primary joints 
being coupled to one another by the dy ve system. 

13. The device of claim 12, whe/ein the drive system includes: 
a first input including a fijit central shaft and a first hub, the first primary links being 

rigidly affixed to flie first hub such that the first hub defines the first primary 
joints and rotatiorfof the first hub commonly rotates the first primary links; 
a second input includin| a second central shaft and a second hub, the second primary 
joints being coihmonly coupled by the second hub such that rotation of the second 
hub commonM' rotates the second primary links about the second primary joints, 
respectively/and 

a third input including a third central shaft and a third hub, the third primary joints being 
commonl/ coupled by the third hub such that rotation of the third hub commonly 
rotates tM: third primary links about the third primary joints, respectively. 

14. The device of &laim 13, wherein the third input fiirther includes a plurality of secondary 
connectors, respecti>jfe ones of which couple respective ones of the third primary joints and the 
third hub, the secondary connectors being commonly driven by the third hub. 

15. The devic^ of claim 1 4, wherein at least one of the secondary connectors is a pulley belt. 

16. The devilbe of claim 13, fiirther including a secondary link connecting the second hub to 
the second prii^ary link. 



17. The rfevice of claim 13, fiirther comprising a secondary link connecting the third hub to 
the third prmiary link. 
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18. The device of claim 8, wherein tie first primary joints and the second primary joints 
move independent of one another such ttmt upon activation of the drive system, the robotic arms 
are directed through substantially idemical paths and the end effectors are positioned at a 
different radial distance relative to the denterpoint during at least one point in time. 

19. The device of claim 18, wherdn the drive system includes: 

a closed loop track having ap instant center at any point in time that defines the center 
point; and 

a plurality of first carts separately and moveably coupled to the track, respective ones of 
which define respective ones of the first primary links, the instant center point of 
the track defining jlhe first primary joint. 

20. The device of claim 19, /wherein each of the robotic arms fiirther includes a third primary 
link connected to the second pmmary link by a third primary joint. 

21. The device of claim J9, wherein the drive system fiirther includes a plurality of second 
joint servo-motors, respectiye ones of which are connected to and drive respective ones of the 
second primary joints. 

22. The device of claim 21, wherein each of the robotic arms fiirther includes a third primary 
link connected to the seabnd primary link by a third primary joint, and fiirther wherein the drive 
system fiirther includes a plurality of third joint servo-motors, respective ones of which are 
connected to and driveffespective ones of the third primary joints. 

23. The device onclaim 19, wherein the drive system fiirther includes: 

a plurality offeecond carts separately and moveably mounted to the track, respective ones 
of wmch are connected to respective ones of the second primary joints. 

24. The devic^of claim 23, wherein the drive system fiirther includes: 
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a plurality of coupler links connectijhg respective ones of the plurality of second carts to 
respective ones of the secoijp primary joints. 

25. The device of claim 23, whereinf each of the robotic arms each include a third primary 
link connected to the second primary ^ink by a third primary joint, the drive system further 
comprising: 

a plurality of third carts separdfely and moveably coupled to the track, respective ones of 
which are connected ta respective ones of the third primary joints. 

26. The device of claim 25, wherpin the drive system further includes: 

a plurality of coupler links Connecting respective ones of the plurality of third carts to 
respective ones of th| third primary joints. 

27. The device of claim 19, wrferein the track includes an inner guide member and an outer 
guide member, each of the carts bdng moveably mounted between the guide members. 



28. 



The device of claim 27, \^erein the drive system further comprises: 

a stationary gear coaxialiy disposed below the track, the stationary gear having a toothed 

surface extending adjacent the inner guide member; and 
a plurality of drive geap-s, respective ones of which are secured to respective ones of the 

plurality of cais, the drive gears being configured to interface with the stationary 

gear upon finafl assembly; 
wherein rotation of me drive gears causes the respective cart to articulate about the track 

via the statidnary gear. 



29. The device of claim 27, wherein the drive system further comprises: 
a magnet system positioned below the track; and 
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a plurality of linear motors, respectik ones of which are secured to respective ones of the 
carts, the linear motors tfeing configured to interact with a magnetic field 
generated by the magnet sMBtem upon final assembly; 

wherein energization of the lineaymotors causes the respective cart to articulate about the 
track. 

30. The device of claim 27, wherefe the drive system fiirther comprises: 
four barrel cams arranged b^ow the track, each of the barrel cams forming at least one 

cam track; and 

a plurality of followers, respective ones of which extend fi-om respective ones of the 
carts, the followers being sized to be slidably engaged within the cam tracks; 

wherein rotation of the hbrel cams causes the carts to articulate about the track via 
interaction betweeh the respective followers and the cam tracks. 

31. The device of claim 1 8, Avherein the drive system includes: 

a plurality of first rotat&ble cylinders, respective ones of which define respective ones of 

the first primal' joints; and 
a plurality of second rotatable cylinders, respective ones of which are connected to 

respective oiii&s of the second primary joints; 
wherein the cylinders are coaxially stacked and are separately rotatable. 

32. The device of claijh 3 1 , wherein each of the robotic arms fiirther includes a third primary 
link connected to the s^ond primary link by a third primary joint, the drive system fiirther 
including: 

a plurality of rfiird rotatable cylinders, respective ones of which are connected to 
respective ones of the third primary joints. 



33. 



The device of Jlaim 31, wherein each of the first and second cylinders are rings having 



an 



inner surface forming/cam paths. 
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34. The device of claim 1 , wherefc each of the three robotic arms are co-planar. 

35. The device of claim 1 , whei^in each of the robotic arms extend from a hub of the drive 
system in different planes. 

36. A continuous motion robot/c device for processing objects, the device comprising: 
a plurality of robotic arms,|each including: 

a first primary 1 

a first primary joiijft about which the first primary link rotates, 
a second primary link, 

a second primar^ joint connecting the second primary link to the first primary 
link, 

an end effector ftbr performing work on an object, a spatial position of the end 
effector^ being determined by the respective first and second primary 
links; 

wherein each of the f^t primary links are continuously rotatable about a common axis; 
wherein the first primary joints are coupled to one another and the second primary joints 

are coupled th one another; and 
a drive system for lontroUing the robotic arms, the drive system including a first input 

commonly driving the first primary joints and a second input commonly driving 

the second primary joints. 

37. The device of claifn 36, wherein the second primary joints are rotary joints. 

38. The device of cMm 36, wherein the second primary joints are sliding joints. 



39, The device of ci 



im 36, wherein the first input includes a rotatable hub defining the first 



primary links and a cen er point of the hub defining the first primary joints. 



Supplemi^ntal Response to n Requirement 

Applicant: Thomas R. Corrigan 
Serial No.: 09/905,095 
Filed: July 13,2001 
Docket No.: 56226US002 

Title: CONTINUOUS MOTION ROBOTIC MANIPULATOR 



40.(Amended) A method of process^g objects within a workspace, the method comprising: 

providing a robotic systeifi including three commonly arranged robotic aims each 
including an end effector, the robotic arms extending radially from a hub defined 
by a drive^enrf wherein the drive system commonly drives the three robotic 
arms; 

determininaf a firsfy^s^red Wth for the end effector based upon parameters of a first 
worK 

configuring the drive^yst^to articulate the end effectors through the first desired path; 
positioning the robofffflystem within the first work space; and 

operating the drive^system such that the end effectors pass through the first desired path 
to process fobjects within the first workspace. 



41. The method of claim 40, wherein the ^st desired path includes each of the end effectors 
being positioned at substantially identical ra^al distances relative to a center of the hub at any 
point in time. 

42. The method of claim 40, where^ the first desired path includes at least two of the end 
effectors being positioned at different^adial distances relative to a center of the hub during at 
least one point in time. 

43. The method of claim 40, /herein each robotic arm has three primary links and the drive 
system includes three inputs^nti-olling movement of each of the three primary links, 
respectively, and fiirther wh^fein configuring tiie drive system includes configuring each of the 
inputs to produce the first d^ired path. 



44. 



The method of cl*m 40, further comprising: 

determining a ^cond desired path for the end effectors based upon parameters of a 
secondfworkspace; 
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reconfigiaring the drive system to ^iculate the end effectuators through the second 
desired path; 

positioning the robotic system mthln the second work space; and 
operating the drive system such jhat the end effectors pass through the second desired 
path to process objects wittiin the second workspace. 

45. The method of claim 44, wher/in each of the robotic arms includes three primary links 
and the drive system includes thr/e inputs controlling each of the three primary links, 
respectively, and further wherein reconfiguring the drive system includes reconfiguring the three 
inputs. 

46. The method of claim 45/ wherein the three inputs each include a cam, and further 
wherein reconfiguring the three iiputs includes changing at least one of the cams. 

47. The method of claim 4^ wherein the three inputs each include a servo-motor, and further 
wherein reconfiguring the thr|e inputs includes altering the output of at least one of the servo- 
motors. 

48. The method of claim 40, fiarther comprising: 
determining a secoAd desired path for the end effectors based upon revised parameters of 

the first workspace; 

reconfiguring thi drive system to articulate the end effectuators through the second 
desired ©ath; and 

operating the iive system such that the end effectors pass through the second desired 
path tcPprocess objects within the first workspace. 

49. The methorf of claim 48, wherein the revised parameters are based on information 
provided by a feedpack sensor. 
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50. A method of processing objects withi/ a workspace, the method comprising: 

providing a continuous motion robdic system including a plurality of robotic arms each 
including a first primary UWc, a first primary joint about which the first primary 
link rotates, a second primary link, a second primary joint connecting the first and 
second primary links An end effector positioned by the first and second primary 
links, and a drive /ystem, wherein the first primary links are coupled to one 
another and the sepond primary links are coupled to one another; 
determining a first desfred path for the end effector based upon parameters of a first 
workspace; 

configuring the drive^ystem to articulate the end effectors through the first desired path; 
positioning the roboac system within the first work space; and 

operating the drive/system such that the end effectors pass through the first desired path 
to process Objects within the first workspace. 
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